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(§) A prooaaafortha apoxydation of oleffnleaompouDda. 

@ A process for the epoxldatlon of oleftnlc oompounda 
comprising reacting said compounds With hydrogen per- 
09dde introduced as such or piY>duc8d fay substances under 
the reaction conditions^ In the presence of synthetic zeolites 
containing titanium aioma corresponding to the general for- 
mula: 



XTTQa.n-x) SlOa 

wherein x Is In the range of from about aOOOl to about 0.04. 
^ and optionally, In presence of one or more solvents, at a tan>- 
^ perature !n the range of from about Oto about ISTC. and at a 
^ pressure of from about 1 to about 100 atm. The synthetic 
^ zeolites are treated with alkaline substances belore and/or 
2 during tfietr use In the reacdoa or alternatively the synthetic 
2 zeolites are acid neutralized with a compound such as 

X-Si-(R)3 where X la selected from CI, Br, I, 
Q CH,C0N-Si-(CH5)s* CFiCOON-S!-(CHB)«. (RJa-SI-NH, 
^ and an Imtdazotyl group wherein R is selected from an alkyl, 

aryl cm* alkylaryl group. 
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FIELD OF THE IHVENTIOM 
.The present Invention is directed to A process 
for the epoxidatiqn o£ olefinic compounds vitb hydrogen 
peroxide introduced as such or produced by substances 
under the reaction conditions, in presence of synthetic 
zeolites containing titanium atoms ^ wherein the 
synthetic zeolites are ^acid^ neutralised < as to their aciditj^. 

BACKGRODND OF THE INVENTIOK 
European Patent Application Ho, 100119 
discloses a process for the epoxidation of olefinic 
compounds, starting from olefins and hydrogen peroxide 
or substances which can produce hydrogen peroxide under 
the reaction conditions, wherein the catalyst is a 
SYnthetic zeolite containing titanium atoms {titanium- 
silicalite) corresponding to the general formula: 

X Ti02.(l-x)Si02 
wherein x is in the range of from 0*0001 to 0,04, The 
catalyst: is chosen from among catalyst compositions 
having the following molar ratios of reactants: 

Molar Ratios of Reactsnts Preferred Molar Ratios 

SiOj/TiO^ 5-200 35-65 
0H"/Si02 0,1-1,0 0.3-0.6 

HjO/SiOj 20-200 60-100 

Me/SiOj 0.0-0.5 0 

Rl^VsiO^ 0,l-2,0 0,4-l,0 

wherein Rl^ represents an organic nitrogen cation 
derived from the organic base utilized for the 
preparation of titanium- silicalite (TS-1 ) , Me is an 
alkaline ion, preferably chosen from among Na or 

The final TS-1 product is a composition having 
the formula x TiOj, (l-xjSiOj wherein x is in the range 
of from 0.0001 to 0.04, preferably from 0,01 to 0.025. 
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is Bilicalite type product vhereln tltanluA atoms vi- 
cariate the silicon atoms* A further and more precise 
identification of the titanium- silicalite vbich is used 
as a catalyst is set forth in said European patent 
5 application and in Belgian Patent Mo* 8B6812, 

The titanium- silicalite catalyst nay be utilised 
in the expoi^idation reaction as a dust or preferably in 
the form of granules having a particle size of from 5 to 
10 1000 pm wherein the granules are made of zeolitic 

crystals bound by a suitable inorganic binder, preferably 
Dligomeric silica. 

it has been observed that in the synthesis of 
15 epoxified compounas derived from olefins and hydrogen 

peroxide with said catalysts in a protic medium (such as 
water, alcohol and mixtures thereof), selectivity of the 
cesirec epoxide is generally very high. Yet some amount 
of by-products from solvolysis is always present, 
20 especially when working at high temperatures. This 

results in increased costs because of the lower yield of 
the epoxide and because of the need to separate the 
by-products from the reaction, 

25 It has surprisingly been found that it is 

possible to significantly reduce the amount of the 
aforesaid undesirable by-products by treating the 
catalyst prior to the reaction or during the reaction 
with suitable acid neutralizing agents to neutralize 
30 acid groups which are on the catalyst surface. 

The catalyst can also.be treated with a substance which 
can neutralize catalyst acidity using an inert group 
bound to a polar group which is easily displaced by 
reaction with SiOH^ 
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The acidity of non*-treated titanium-^ silicaiite 
is* already very low vhich is due to the presence of some 
SiOH groups f especially on the outer surface of the 
crystals or in the lattice defects. However, the 
presence of even a small number of acid groups results 
in the production of unacceptable amounts of by-products 
due to the solvolysis reaction described above, 

• SUKMARY OF THE INVENTION 
10 The process of the epoxidation of olefinic 

compounds in accordance with the present invention 
comprises reacting in a reaction zone one or more 
olefinic compounds vith hydrogen peroxide or substances 
which produce hydrogen peroxide under the reaction 
15 conditions, in presence of a catalyst comprised of a 
. synthetic zeolite ( titanium- Bilicalite) , wherein the 
catalyst is, prior to the epoxidation reaction, neutralized 
as to its acidity by a compound of the formula X-Si'-CR)^ 

wherein X is selected from CI, Br, I, CH-jCON-Si~(CH^) , 
I I 3 3 

20 CF3COON-Si-{ca2) j,{R)2-Si-NH, and an imidazolyl group, 

wherein R is an alkyl, aryl or alklaryl group wherein 

the alkyl group has from 1 to 4 carbon atoms. 

Catalyst neturalization may also be accomplished 
25 before and/or during the reaction, with basic substances 
which are water soluble. Such basic substances may be 
chosen from among strong bases, such as KaOQ, ROB, and 
weak bases such as NB^OH, Na^CO^, NaBCO^, NajHPO^ and 
analogous potassium and lithium salts including ^2^^3' 
30 LijCO^, KHCO^, LiBCO^ and K^^PO^ ^ alkaline and/or 

alkaline-earth salts of carboxylic acids having from 1 
to 10 carbon atoms and alkaline and/or alkaline earth 
alcoholates, having from 1 to 10 carbon atoms. 
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In a batchwise epoxidation reaction. 
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neutralisation o£ the catalyst with basic substances, 
which are water soluble, is carried out by foroing « 
slurry of the catalyst In a diluted solution of the 
neutralizing agent chosen among those mentioned above 
5 and stirring the slurry at a temperature of from about 
room temperature to about lOO^C, for a few minutes. The 
catalyst is then removed and thoroughly washed to 
completely remove excess base. After drying, the 
catalyst is utilized for the epoxidation of the olefin, 
10 with surprisingly high selectivity to epoxide, in the event iiie 
epoxidation reaction is performed in a continuous flow 
(fixed, bed reactor, CSTR reactor , .i..e. , continuous flow 
stirred tank reactor), it is sufficient to add to the 
hydrogen peroxide feed from' about O.OOOl to about 0.1% 
15 by weight of a neutralizing agent which is soluble in 
the medium ana weakly basic, (e.g., CB^COOUa, Va^ BPO^, 
Na^CO^and the like) in order to prevent deterioration of 
the catalyst over time. In this way, it is possible to 
prevent indefinitely the catalyst from initiating the 
20 undesireable solvolysis by product formation reaction. 
The amount of the neutralizing agent which is employed 
depends on the nature of the reaction medium, the space 
velocity, and the temperature. 

25 Alternatively, neutralization of the catalyst 

is conducted by reacting the compounds pj tije general 
formula (X-Si-(R)3) with the titanium- eiUcalite. 
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The reaction may be carried out in an inert 
solvent such as acetonitrile, chloroform, pyridine and 
dioxane and the like with or without an organic base 
such as pyridine or at least one tertiary amine. In 
accordance with this procedure, it is possible to 
tralxsform all of the SiOH groups present on the surface 
35 of the titanium- silicalite, to SI-0-Si-(R>3 groups which 
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are ch^piq&lly^ inef t to solvolyeis of the epoxy ring. 

The epoxidation reaction between the olefin 
and hydrogen peroxide is performed at a temperature of 
3 from about 0 to about ISO^C. and at a pressure of from 
about. 1 to about .100 atm with or without the presence, of 
one or more solvents* 

The epoxidation reaction may be performed in 
10 batch or in a continous flow on a fixed bed, or in a 
CSTR reactor in a monophase or biphase system* 

The catalyst is stable under the reaction 
conditions and may be completely recovered and reused, 
15 Examples of the solvents which can be used include polar 
compounds such as alcohols, ketones, esters, ethers, 
glycols, with the number of carbon atoms not too high, 
preferably less than or equal to 6 carbon atoms. 
Preferred .examples of the alcohols are methanol and 
20 terbutanol* A preferred example of a ketone is acetone. 

The olefinic -compounds that may be epoxidized 
according to the present invention include compounds 
having the general formula: 



25 



^1^ 



30 wherein R^^, Rjt Rgr and R^ may be the same or different 
and are selected from B and an alkyl, alkylaryl, 
cyclbalkyl and alkylcycloalkyl group, wherein the alkyl 
group has from 1 to 20 carbon atoms, the alkylaryl group 
has from 7 to 20 carbon atoms, the cycloalkyl group has 

35 from .6 to 10 carbon atoms and the alkylcycloalkyl group 
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b&s from 7 to 20 carbon atoms. The Bj^t »2» ^^3 *4 
groups may be coupled together to form saturatefl or 
ansaturatea rings (e.g,. R^, ^ coupled together 

and/or and R^ may be coupled together). 

5 

The Rj^, Rjr R3. »4 9r«>«P« ««»cribed above 
may be substituted with at least one su*bstltuent 
selected from halogen (preferably CI, Br and I), nitro, 
sulfonic, carbonilic, oxydrilic, carboxylic and ether 
10 groups. By way of example, the olefins that may be 

epoxiaized in accordance with the ptesent invention are, 
e.g., ethylene, propylene, allyl chloride, but6ne-2. 
butene-1, octene-1, 1-tridecene, mesityl oxide, 
isoprene, cycli>octene and cydohexene and the like. 

15 

It is desirable to conduct the epoxidation 
reaction at a pressure higher than atmospheric pressure 
if gsseous olefins are used, in order to make them 
soluble or liquid under the reaction conditions. 
20 operating at temperatures higher than 0"C. influences 
the kinetics of the reaction although the reaction 
proceeds rapidly even at temperatures near 0*C, 

The following examples are directed to 
25 particular embodiments of the present invention , 

should be noted, however, that the examples are merely 
illustrative and are not meant to limit the invention as 
set forth in the claims forming part of the application. 

30 EXI^PLE 1 

1154 g of tetraethylorthosilicate were added 
under strong stirring to 1232 g of a 12% by weight 
tetrapropylanunonium hydroxide solution and heated for 
one^hour at 60»C, 5049 g of demineralized water were 
35 added to the heated solution and stirring was continued 
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for another houfti«Qtril^9 solution was obtainea* 

3000 g of titanioia- BlllcalitewaB carefully slurried Into 
the clear solution. The Jbitanium- silicallte is prepared 
accdr^i&Dcr ^ ^the^ me t:liod: .disclosed in European patent 
5 appl^cat*oai}10^)ij.*-lm:pr5orated herein by reference, 

"til -r;She.:,r^§9lting;»ilky slurry was fed to a 
spxay^-dr^^ej -{JJiroTAtoml^er , disk-atomizer, inlet air 
tempenatut-ecj 3P0?C.,';^ outlet air temperature 120*C,r 
'0 dhainber ^dianieter i^-Bm) obtaining dense microspheres 
. havingva -m^an .xJiameter of about 20 pm. 

• ^.-s . ^..^ * . , 

^ 3:;*«-,Tiie -.^toroized catalyst was put in a muffle and 
. -c^altfijxe&jfx^.r foisr hours atr550**C, 200 g of atomized 
^5 titanium-silicallte thus prepared were slurried in 1 liter 
of distilled water containing 10 g of sodium acetate* 
The. slufcry wees .-beated at. ref.lux . temperature Tor 10 minutes 
and then*f iltQred,--:TJje aforementioned treatment was 
repeated; a; fie.cond time in the same way with the same 
20 reactants. The resulting product was filtered again and 
then washed many times with hot distilled water. Then 
the washed catalyst was dried in a stove and then in a 
- muffle ^a€ :550?^C*- - . . 
. - r .r. 

25 • • • - . EXAMPLE 2 

• , 150 g. o-f' titaniums-silicate prepared in the 

feam^ mfirtn^r a^ in Erxample 1, were slurried in 500 ml of 
-water contJaining* S g-of No2HP0^. The slurry was heated 
at'-ref luXA-temperature for 15 minutes. The heated slurry 
30 was filtered and the treatment was repeated a second 
time. Thereafter the resulting product was washed 
repeatedly as described in Example 1, 



35 



Similar dilute solutions using other bases 
may be employed in the same manner to prepare highly 
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active ana selective epoxiaetlon c«t»lyftts. 

EXAMPLE 3 

195 9 of distilled water, 280 .9 »eth*noi 
5 ana 4.5 g of catalyst prepared as describ«a in txampU 
1, were loaded into a one liter steel autodav* provldaa 
with a mechanical stirrer, a thermostatic .ystt« and 
means for maintaining constant preSBure. 56 g cf a 321 . 
by weight hydrogen peroxide solution t»ere leaded in a 
10 tank connected to the autoclave. Jlf ter thermostating at 
40-C. and pressurizing with propylene under stirring at 
6 atm (constant during the entire reaction), hydrogen 
peroxide was added In a single step to the slurry in the 
autoclave. Samples were taken at set time intervals and. ■ 
15 anyalyzed. 

Hydrogen peroxide was titrated by lodometry 
and the reaction products were analysed by gas 
chromatography, utilizing a column f illM with Foropak 
20 PS, 1.8m long. The results are shown In Table 1. 

EXAMPLE 4 

The procedure Of Example 3 was followed using 
the same quantities of xeactants, except that 4,5 g^of the 
tne saiuc ^ * K wltiiout treatment with a base .was 

25 titanluMilicalite atomieed as such wi«o«^ 

used to carry out epoxidation of propylene. The results 
are shown in Table 1, As shown in Table 1,. 1*e results 
Obtained using titanium^siiicalite. without treatment with 
a base were not as good as those obtained with, the base 
30 treated catalyst. 
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EXAMPLE 5 

450 g of nethanolr 100 g o£ octene-lr 5 g o£ 
catalyst prepares as in Example 2 were loaded in a 1 
liter autoclave, providefl with a mechanical stirrer, 
thernostatic system and constant pressure control. 50 g 
of a 34% by weight solution of HjO^ were loaded in the 
tank connected to the autoclave. After thermostating at 

under strong stirring, hdyrogen peroxide was 
added to the mixture of the other reactants. Samples 
were drawn at regular time intervals and analyzed. 



Hydrogen peroxide was determined through 
iodometry and the reaction products determined by gas 
liquid chromatographyi ra§ter 1-hour of reaction time: 
X5 ^2^2 Conversion 88% 

Octene Conversion 49,2% 
Selectivity to 1,2-epoxyoctane 98% 

EXAMPLE 6 

2Q 400 g of methanol, 100 g of allyl chloride, 10 g 

of catalyst prepared as in Example 1, were put in an 
autoclave as in Example 5, 70 g of a 34% by weight 
solution of HjOj were loaded into theHiank, The 
reaction was carried out at 60'C, for 30 minutes, 
25 Hydrogen peroxide and allyl chloride conversion and 

selectivity to epichlorohydrin was measured in the same 
general manner described in Example 5, 



^0 



HjOj Conversion 
Allyl Chloride Conversion 49.7% 
Selectivity to Epichlorohydrin 97,5% 



EXAMPLE 7 

21 g of titanium- eilicalite prepared in the same 
manner as in Example 1, calcined at SSO'C. and cooled in 
35 a dry atmosphere, were slurried in a mixture of 20 cc of 
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anhyar w pyridine, 9 cc f trimetbylchlorosilane and 3 
cc of bexanethyldisilazane. The slurry was kept under 
Btirring at SO^C, for 2 hours. The solid was then 
filtered, washed twice with 10 cc of anhydrous pyridine, 
i twice with 10 cc of acetonitrile, three times with 10 cc 
of water and then thoroughly dried in vacuo, 

EXAMPLE 8 

1154 g of tetraethylorthosilicate were added 
iO under strong stirring to 1232 g of a 12% by weight 

solution of tetrapropylaimsonium hydroxide and heated for 
1 hour at 60*C, 5049 g of deniineralized water were then 
added to the heated mixture and stirring was maintained 
for another hour to thereby obtain a clear solution, 
13 3000 g of titanium-silicate, prepared according to Example 
1 were carefully slurried into the clear solution. 

The resulting milky slurry was fed to a spray- ' 
dryer (Niro Atomizer, disk atomizer; inlet air temperature 
20 300^C,; outlet air temperature 120^C«; chamber diameter 

1,5 m) obtaining dense microspberes having a mean diameter 
of about 20 jxaxn 

The atomized catalyst was put in a muffle and 
25 calcined for four hours at 55D®C, 12g of the resulting 
titanium--siliCB.te thus prepared were trearea at 80®C* 
with 6 cc of bis( tr iinethylsilyl)ocetarcade in 10 cc of 
anhydrous acetonitrile for 2 hours^ 

30 The thus obtained solid product was filtered, 

washed many times with hot acetonitrile, and then methanol. 
The washed product was dryed in a stove at lOO^C, 



EXAMPLE 9 

35 In a similar manner as described in Example 8, 
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10 g of titanium-silicate vas treated vith 3 cc «f 
hexaaetbyiaisilazane in 10 cc of acetonltrile. After 
reflaxing for 2 hours, the resulting product was 
filtered, vasbed many times with acetonitrilc and 
5 finally washed three times with water. The washed 
product was then dryed In vacuo. 

EXAMPLE 10 

190 g Of distilled water, 2B0 ^ of methanol 
10 and 4,5 g of titanium-silicallte were loaded into a 1 
liter steel autoclave, provided with a mechanical 
stirrer, thermostatic system and constant pressure 
control, 52 g of -a 34% by weight solution of hydrogen 
peroxide were loaded in a tank connected to the autoclave, 

15 

After thermostating at 40»C, ana pressuring 
with propylene, under stirring, at a constant pressure 
of 6 atm, the entire amount of hydrogen peroxide was 
aaeed in a single step to the contents of the autoclave, 
20 samples were arawn at regular intervals and analyzed. 
Hydrogen peroxide was titrated by iooometry ana the 
reacticn proaucts were analyzed by gas-liquia 
chromatography on a column fillea with Poropak PS, 1,8 m 
lona. The results ere shown in Table 2, 



25 
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EXAMPLE 11 

A test was carried out in the ssTue wey and- 
with the same reactants as those in Exair-ple 10, except 
that 4,5 g of titanium-silicalite treated in the same 
manner as Example 7 were loaded into the autoclave. The 
results are shown in Table 2, As shown in Table 2, the 
selectivity to the aesirea epoxide was significantly 
greater than the selectivity using the untreatea 
catalyst describea in Example 10. 
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EXAMPLE 12 

450 9 Of methanol, 100 g of octcne-lr anfl 5 g 
of catalyst prepared as in Example 8, were loaded into a 
one liter autoclave, provided with a Bechanlcal stirrer and a 
5 thermostatic system and a constant preaaura control.- 50 g of a 34% by 
wei^t solution of H^O^ were loaded in a tank coimectad t© Hie 
autoclave. After theraostatlng at 45»C. under strong 
stirring, hydrogen peroxide was added to the mixture of 
the other; reactants. Samples were drawn at regular 
^0 intervals and analyzed. 

Hydrogen peroxide was titrated by iodometry 
and the reaction products.. analyzed by gas-liquid 
xrhromatography after- onBsOjour.. 

15 

HjOj Conversion 85% 
Octene Conversion 47,5% 
Selectivity to 1,2 epoxyoctane 97,5% 

20 EXAMPLE 13 

The reaction was carried out in the same 
manner end with the SEine equipment as described in 
Example 12, 400 g of methanol, 100 g of allyl chloride, 
ana 10 g of the catalyst prepared as in Example 9 were 
25 added to the autoclave, 70 o of a 34% by weight 

solution of EjOj were loaded in the tank. The reaction 
was carried out at 60»C, for 30 minutes. 



BjOj Conversion 



94% 



30 Allylchloride Conversion 50.1% 

Selectivity to Epichlorohydrin 98% 
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CLAIMS 

1) A process for the epoxsrdation of olefinic 
c<»itpounds comprising reacting in a reaction 
Eone one or more olefinic coarapounds with 
hydrogen peroxide introduced as such or 
produced by substances which can produce it 
at the reaction conditions, in presence of a 
synthetic zeolite as catalyst, containing 
titanium atoms corresponding to the general 
formula x Ti02 .(1-x) SiOj wherein x is in 
the range of from 0.0001 to 0*04 and 
titanium vicariates silicon, characterized 
in that the catalyst is neutralized, as to 
its acidity, with neutralizing agents. 
15 2) A process according to claim 1 characterized 
in that neutralization may occur before 
and/or during the reaction. 

3) A process according to claim 2 characterized 
in that when neutralization o9curs before 

20 and/or during the reaction^ the neutralizing 

agents are basic substances which are, at 
least, hydrosol\ible« 

4) A process according to claim 3 • characterized 
in that the basic substances are strong 

25 bases* 
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A process according to claiia 4 characterized 
in that the strong bases are KaOH or KOH. 
A process according to claim 3 characterized 
in that the basic substances are weak bases. 
A process according to claim 6 characterized 
in that the weak bases are chosen among 
NH^OH, ^^2^3' NaHCOgr NajHPO^, ^2"^3' 
Li^COg, ¥BO0^, tiHCOj, KjHPO^, alkaline 
and/or alkaline earth salts of carboxylic 
acid^. with a number of carbon atoms from 1 
to 10 and alkaline and/or allcaline-efiurth 
alcoholates with a number of carbon atcxos 
frcxn 1 to 10. 

A process according to claim 2 characterized 
in that \rtien neutralization occurs before 
the reaction, the neutralizing agents are 
compounds of the tjTP^ 

X-Si-(R)3 where X is 01^ Br^ I, 
CH3CON-Si-(CH3)3, CF3COON-Si-(CH3)3, R3Si»H, 
imidazolyl, and R is an alkyl, aryi; 
alkylaryl group wherein the alkyl has a 
number of carbon atoms from 1 to 4. 
A process according to claim 8 characterized 
in that neutralization occurs by reacting 
the compounds of said general formula with 
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the catalyst in an Inert solvent. 
A process according to claim 9 characterized 
in that the inert solvent is chosen among 
acetonitrile, chloroform, pyridine, dioxane, 
eventually in presence of an organic base. 
A process according to claim lo 
characterized in that the organic base is 
chosen among pyridine and tertiary amines. 
A catalyst, for the epoxydation of defines, 
which is constituted by a synthetic zeolite 
containing titanium atoms corresponding to 
the general formxila xTiO^. (l-x) SiO^ 
Wherein x is in the range of fron 0*0001 to 
0.04 and titanixim vicariates silicon, 
characterized in that the surface of the 
catalyst has Si-O-Si (R^) groups, R is 
selected from alkyl, aryl, and alkylaryl 
wherein the alkyl group has f r<^ 1 to 4 
carbon atoms, and said surface has 
substantially no SiOH groups. 7 



